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(57) Abstract 

A needleless syringe device for accelerating particles into a target tissue of a vertebrate subject The syringe comprises an elongate, 
tubular duct having a lumen for delivering the particles towards the target tissue. Preferably the duct has a constant cross-sectional area. 
The device further comprises a receptacle holding the particles and a gas discharge chamber upstream of the receptacle. On actuation the 
gas discharge chamber discharges pressurised gas having a maximum total pressure of less than 10 bar. 
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NEEDLELESS SYRINGE 

Technical Field 

The present invention relates generally to a needleless syringe device for 
5 accelerating particles for delivery into target tissue of a vertebrate subject. 
Background 

The ability to deliver pharmaceuticals through skin surfaces (transdermal 
deliver}') provides many advantages over oral or parenteral delivery techniques. In 
particular, transdermal delivery provides a safe, convenient and noninvasive 

10 alternative to traditional drug administration systems, conveniently avoiding the 
major problems associated with oral delivery (e.g. variable rates of absorption and 
metabolism, gastrointestinal irritation and/or bitter or unpleasant drug tastes) or 
parenteral delivery (e.g. needle pain, the risk of introducing infection to treated 
individuals, the risk of contamination or infection of health care workers caused by 

1 5 accidental needle-sticks and the disposal of used needles). In addition, transdermal 
delivery affords a high degree of control over blood concentrations of administered 
pharmaceuticals. 

Recently, a novel transdermal drug deliver)' system that entails the use of a 
needleless syringe to fire powders (i.e. solid drug-containing particles) in controlled 

20 doses into and through intact skin has been described. In particular, US Patent No. 
5,630,796 to Bellhouse et al, describes a needleless syringe that delivers 
pharmaceutical particles entrained in a supersonic gas flow. The needleless syringe 
is used for transdermal delivery of powdered drug compounds and compositions, for 
delivery of genetic material into living cells (e.g. gene therapy) and for the deliver)' 

25 of biopharmaceuticals to skin, muscle, blood or lymph. The needleless syringe can 
also be used in conjunction with surgery to deliver drugs and biologies to organ 
surfaces, solid tumors and/or to surgical cavities (e.g. tumor beds or cavities after 
tumor resection). In theory, practically any pharmaceutical agent that can be 
prepared in a substantially solid, particulate form can be safely and easily delivered 

30 using such devices. 

One needleless syringe described in Bellhouse et al. comprises an elongate 
tubular converging-diverging nozzle having a rupturable membrane initially closing 
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the passage through the nozzle and arranged substantially adjacent to the upstream 
end of the nozzle. Particles of a therapeutic agent to be delivered are disposed 
adjacent to the rupturable membrane and are delivered using an energizing means 
which applies a gaseous pressure to the upstream side of the membrane sufficient to 
5 burst the membrane and produce a supersonic gas flow (containing the 

pharmaceutical particles) through the nozzle for deliver}' from the downstream end 
thereof. The particles can thus be delivered from the needleless syringe at delivery 
velocities of between Mach 1 and Mach 8 which are readily obtainable upon the 
bursting of the rupturable membrane. The passage through the nozzle has an 

10 upstream convergent portion, leading through a throat to a downstream, divergent 
portion. The converging-diverging passage is used to accelerate the gas to 
supersonic speed. The gas is first brought to Mach 1 in the throat and the 
downstream divergence accelerates it to a steady state supersonic speed. 

Transdermal delivery using the needleless syringe described in Bellhouse et 

1 5 al. is carried out with particles having an approximate size that generally ranges 
between 0.1 and 250 |^m. For drug delivery, an optimal particle size is usually at 
least about 10 to 15 (im (the size of a typical cell). For gene delivery, an optimal 
particle size is generally substantially smaller than 10 (am. Particles larger than about 
250 (im can also be delivered from the device, with the upper limitation being the 

20 point at which the size of the particles would cause untoward damage to the skin 

cells. The actual distance which the delivered particles will penetrate depends upon 
particle size (e.g. the nominal particle diameter assuming a roughly spherical particle 
geometry)* particle density, the initial velocity at which the particle impacts the skin 
surface, and the density and kinematic viscosity of the skin. In this regard, optimal 

25 particle densities for use in needleless injection generally range between about 0. 1 
and 25 g/cm 3 , preferably between about 0.8 and 1 .5 g/cm 3 , and injection velocities 
generally range between about 100 and 3000 m/sec. These particle size and density 
ranges are also appropriate to the present invention, although larger and/or more 
dense particles can be used in the present invention due to the particle-skin impact 

30 speed generally being significantly less, for example as low as 50 m/s. 

-2- 
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Summary of the Invention 

According to a first aspect of the present invention there is provided a 
needleless syringe device for accelerating particles into a target tissue of a vertebrate 
subject, said syringe comprising: 
5 an elongate, tubular duct having a lumen for delivering the particles towards 

the target tissue, the duct having an upstream end and a downstream end; 
a receptacle holding the particles to be accelerated; and 
a gas discharge chamber, upstream of the receptacle, for the controlled 
discharge therefrom of pressurized gas to accelerate the particles from the receptacle 
1 0 down the duct lumen towards the target tissue; 

wherein the pressurised gas discharged from the gas discharge chamber has a 
maximum total pressure of about 1 0 bar or less. 

In one embodiment the gas discharge chamber comprises a cylinder 
containing a piston movable therein between first and second positions. To effect a 
1 5 said controlled gas discharge the piston is driven by a spring along the cylinder from 
its first position to its second position. A priming arrangement is provided to enable 
the piston to be drawn back from its second position to its first position to compress 
the spring and thus to prime the gas deliver}' chamber. An actuation trigger is 
provided for releasing the piston from its first position once the gas delivery chamber 
20 is primed. 

In a further embodiment of the invention the gas delivery chamber comprises 
a canister pre-charged with gas. This gas may, for example, be C0 2 , He, N or air. 

In both preferred embodiments of the device the duct lumen does not 
necessarily converge and then diverge to form a throat. 
25 According to a second aspect of the present invention there is provided a 

disposable duct/receptacle assembly for use in a device having the construction 
recited above in the first aspect of the present invention, wherein the assembly 
comprises a said duct integral with a said particle-containing receptacle and the 
assembly is disconnectable from the gas discharge chamber whereby, after a said 
30 controlled gas discharge has been effected to accelerate the particles from the 
receptacle and the duct, the assembly can be separated from the gas discharge 
chamber and replaced in the device with a fresh disposable assembly. 
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According to a third aspect of the present invention there is provided a 
method of discharging particles from a needleless syringe suitable for accelerating 
the particles into a target tissue of a vertebrate subject, the method comprising: 

providing particles in a needleless syringe; and 
5 effecting a controlled release of gas down a duct of the syringe, said gas 

having a maximum total pressure of less than 10 bar, whereby to accelerate the 
particles down the duct to exit the duct with sufficient energy as to penetrate into a 
target tissue of a vertebrate subject. 
Brief Description of the Figures 
10 Six embodiments of needleless syringe device in accordance with the present 

invention will now be described, by way of example only, with reference to the 
accompanying schematic drawings in which: 

Figure 1 is an axial section through a first embodiment of the needleless 
syringe device; 

1 5 Figure 2 is a plot of pain score against time following lidocaine 

administration using the first embodiment of device; 

Figure 3 is an axial section through a second embodiment of the needleless 
syringe device; 

Figure 4 is an axial section through a third embodiment of the needleless 
20 syringe device; 

Figure 5 is an axial section through a fourth embodiment of the needleless 
syringe device; 

Figure 6 is a close up of the exit of the device shown in Figure 5; 
Figure 7 is an axial section through a fifth embodiment of the needleless 
25 syringe device; 

Figure 8 is an axial section through a sixth embodiment of the needleless 
syringe device; 

Figure 9 is a perspective view of a double-sided corrugated sheet used in the 
sixth embodiment of the invention; 
30 Figure 10 is a perspective view of a plurality of the sheets shown in Figure 9 

adhered together; 

Figure 1 1 is a perspective view of a payload package for use with the sixth 
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embodiment of the invention; 

Figure 12 is a perspective view of a single sided corrugated sheet being an 
alternative sheet for use in the syringe device of Figure 8; 

Figure 13 shows a method for filling a payload package according to the sixth 
5 or seventh embodiments of the invention. 
Detailed Description 

The first embodiment of device is an air-powered, re-usable device. 
The device includes an elongate, tubular duct 1 having a lumen 2 for 
delivering particles towards a target tissue (not shown). The duct has an upstream 
10 end and a downstream end. The downstream end of the duct may, as shown, be 
provided with a divergent spacer 3. In this first embodiment the duct lumen is 
approximately 6 mm in diameter and is of substantially constant cross-sectional area. 

The device further comprises a gas discharge chamber 4. This chamber 4 
comprises a cylinder 5, for example of approximately 18 mm internal diameter, with 
1 5 a piston 6 slidably received therein. The piston 6 seals against the barrel of the 

cylinder 5, due to the presence of a sealing ring 12, and is movable linearly within 
the cylinder 5 between a first position (shown) and a second position (not shown). 
To drive the piston 6 along the cylinder 5 from its first position to its second position 
a spring 7 is provided. To enable the gas discharge chamber 4 to be primed a 
20 priming lever 8 is provided to enable the piston 6 to be pulled back, against the 
biasing force of the spring 7, to its first position. To retain the piston 6 in its first 
position an actuation trigger 9 is provided. The actuation trigger is shown 
schematically as being pivotally attached to the exterior wall of the cylinder 5 
whereby, on squeezing the left hand end of the trigger 9 upwardly (as drawn), the 
25 opposite end of the trigger 9 will be removed from engagement with a recess 

provided in the skirt of the piston 6, freeing the piston 6 to be driven from its first 
position to its second position by the compression energy stored in the spring 7. It 
will be understood that, in moving rapidly from its first position to its second 
position, the piston 6 will sweep at least part of the internal volume of the cylinder 5 
30 to displace from the cylinder any gas previously contained therein. 

It is envisaged that the components making up the gas discharge chamber 
could be made of metals and/or plastics materials. 
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In the preferred arrangement illustrated a receptacle 10 is provided between 
the main body of the duct 1 and the gas discharge chamber 4. This receptacle may, 
as shown, take the form of a stepped region at the upstream end of the duct 1, or a 
stepped region at the downstream end of the cylinder 5. Advantageously, the duct 1 
5 and receptacle 10 are formed integrally as a combined duct/receptacle assembly and 
are detachable from the cylinder 4. In this way, after gas has been discharged from 
the chamber 4 to accelerate the particles from the receptacle 10 and the duct l(as 
described below), the assembly can be separated from the gas discharge chamber 4 
and disposed of. A fresh duct/receptacle assembly, containing a fresh charge of 
1 0 particles, could then be connected to the re-primed gas discharge chamber 4 to enable 
the device to be reused. 

Although in the illustrated embodiment the receptacle 10 is positioned 
upstream of the upstream end of the duct lumen 2, such that the receptacle 10 and 
duct 1 are distinct, it is envisaged that the receptacle could be defined, either in part 
1 5 or in totality, by the duct lumen 2. For example, some or all of the duct lumen 2 
might be filled with the particles to be delivered. 

A drug capsule 1 1 is shown schematically in the receptacle 10 in Figure 1. 
This drug capsule 1 1 holds the particle or particles to be accelerated by the device 
into a target tissue, either containing the particle(s) or constituting the particles(s). 
20 Usually, a large number of particles will be assembled together to form a capsule. 

Preferably the capsule 1 1 does not include a bursting membrane of the sort described 
in Bellhouse et al. A bursting membrane or membranes may however be used to 
contain the particles. Alternatively, the particles could be loaded into the receptacle 

10 as loose powder, and/or loosely adhered to the annular wall of the receptacle 10. 
25 It will be appreciated that, when the device is primed and the actuation trigger 

9 is then operated, the rapid movement of the piston 6 from its first position towards 
its second position will pressurize the interior of the cylinder 5 to a peak pressure of 
less than 10 bar. This controlled discharge of pressurized air will lead to a build up 
of higher pressure air on the left hand side of the drug capsule 1 1 , which will cause 
30 any particle-retaining membrane(s) to burst and the particles held in the drug capsule 

1 1 to be accelerated down the lumen 2 of the duct 1, to be ejected at high velocity 
from the downstream end of the duct. The maximum particle ejection velocity will 
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be of the order of 50-300 m/s, more preferably 50-150 m/s or 50-100 m/s. 

Upon effecting a controlled discharge of pressurized air from the chamber 4, 
the lumen diameter and pressurised air pressure ensure that the air flow rate cannot 
exceed the choked mass flow rate of the duct lumen for any sustained period of time. 
5 The absence of a convergent-divergent duct means that the air flowing through the 
duct lumen 2 is not accelerated to the same extent as the air that travels through the 
convergent -divergent duct in the Bellhouse et al device.. Despite this, it has been 
found that the particles of the appropriate size and density can be accelerated down 
the duct lumen 2 to exit the duct 1 with sufficient energy as to enable them to 
10 penetrate into a target tissue of a vertebrate subject to a desired depth, for example 
between 10 and 500 |im. 

The preferred construction for the duct lumen is cylindrical, or nearly 
cylindrical. The duct may advantageously be moulded from plastics material and, for 
reasons of ease of production, it is usually necessary to employ a slight taper. The 
1 5 preferred construction of the duct lumen differs from that of the nozzle lumen 

disclosed in Bellhouse et al., in that the duct lumen illustrated in Figure 1 does not 
converge and then diverge to form a throat. 

In the nozzle lumen disclosed in Bellhouse et al., the convergence ensures 
that the steady state gas flow in the throat is choked to have a velocity of Mach 1 at 
20 the throat of minimum section. The velocity in the throat cannot exceed Mach 1 . 
The divergence downstream of the throat expands the gas to supersonic speed. 

"Steady state" means the condition in which the gas flow velocities (at any 
point in the duct) change relatively slowly with time. Also, any shock waves formed 
tend to be stationary or slowly moving. 
25 It will be appreciated that the duct lumen of the device of the present 

invention could have a divergent section. Even though the duct lumen shape 
influences the flow velocity, what is important is that the gas flowing through the 
duct lumen cannot expand to achieve a steady state supersonic velocity, rather than 
the particular duct lumen design which is employed to achieve this result. 
30 Relative to the supersonic needleless syringe described in Bellhouse et al., the 

first embodiment of needleless syringe device illustrated in Figure 1 has the ability to 
be made and operated more cheaply. Unlike some supersonic devices which require 
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one-shot helium canisters, the device is air-powered and does not require a self- 
contained capsule of pressurized gas. Instead, the air power is derived by use of a 
spring-loaded piston and cylinder arrangement that can be reused many times. 
Furthermore, it is thought that the device does not require the particles to be 

5 contained between burstable membranes. In addition, the fact that the air flow does 
not reach supersonic velocity in the steady state means that the device is more energy 
efficient and that less gas is required than with a supersonic needleless syringe, 
enabling the device to be made smaller and to be used more discretely. Furthermore, 
because the shock waves associated with a supersonic flowfield are not present, the 

1 0 "sonic boom 1 ' which is audible upon operation of a supersonic device does not occur, 
reducing or removing the need for a silencer. Despite the absence of very high speed 
gas flow conditions in the duct lumen, the particles have been found to be accelerated 
sufficiently within the duct lumen to exit it with sufficient energy to penetrate into 
target tissue to the required depth, such as 10-500 |im. 

15 Example 1 

The purpose of this example is to describe, in non-limiting fashion, the use of 
the embodiment of the needleless syringe device illustrated in Figure 1 to deliver 
lidocaine (a local anaesthetic) to the back of the hand and the anticubital fossa. 

I. Method 

20 The right or left ami of each volunteer was selected at random and the 

volunteer was asked to look away from the direction of the selected 
ami. The back of the hand and anticubital fossa were pricked with a 
22giauge hypodermic needle, considered by the investigator to be 
commensurate with a puncture required for venous cannulation. The 

25 volunteers were then asked to rate the pain they felt on a scale of 1 - 

10, 1 being no pain and 10 being the most pain imaginable from a 
needle stick. The device was then fired and the volunteers were asked 
to rate the pain they felt as it changed over time. 

II. Results 

30 With no treatment, the mean pain for the back of the hand 

score was 8 and the anticubital fossa 9. One minute after actuation of 
the device, clear erythema could be seen approximately 10 mm in 
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diameter. Powder, presumably lidocaine, could be seen clearly on the 
surface of the skin which served to show where the device had been 
shot. In no instances was any damage or bleeding observed caused by 
the actuation of the device. The actuation of the device was not 
5 considered painful by any of the volunteers, nor the noise considered 

too loud. 

Topical anaesthesia was observed after 1 minute, which 
increased at the five-minute time point and then fell away gradually 
over the next 25 minutes. Figure 2 is a plot of pain score, versus time 
1 0 (minutes) following lidocaine administration, in Example 1 . The 

anaesthesia at the anticubital fossa was greater than the back of the 
hand. 



Although the above test was performed with lidocaine, it is considered that 
1 5 the needleless syringe device of the present invention is suitable for the transdermal 
delivery of multiple different powder drug compounds and compositions, for 
delivery of genetic material into living cells (e.g. gene therapy) and for the delivery 
of biopharmaceuticals to skin, muscle, blood or lymph. It is, thus, envisaged that the 
device can be used to deliver a very wide range of therapeutic agents that can be 
20 delivered topically or systemically. 

To enable easy refilling of the receptacle 10 with a fresh charge of particles 
after the device has been operated to expel a first charge of particles, the receptacle 
10 may be provided with an openable and closable door (not shown). In this case the 
duct 1 would not need to be separated from the gas discharge chamber 4 to effect 
25 refilling. 

In the illustrated embodiment the cylinder 5 is approximately 80 mm long 
and the combined length of the duct 1 and spacer 3 is approximately 60 mm. It is 
considered that the longer the length of the duct 1, the higher the exit velocity of the 
particles is likely to be due to the particles having a greater chance to reach gas 
30 velocity. 

It is considered that the first embodiment of needleless syringe device may 
well be able to achieve good particle-skin penetration performance by discharging 
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less than 4 ml of gas, preferably less than 2 ml of gas, at a peak pressure of less than 
lObar. 

Although in Figure 1 the bore of the cylinder 5 is greater than the lumen 2 of 
the duct, this need not be so. The diameters upstream and downstream of the 

5 receptacle 10 could be the same. Consequently, the main structure of the device 
could essentially be a tube of constant diameter from one end to the other, with the 
piston running in a cylinder having a bore equal to the duct lumen's diameter. 

Though it is conceived that the first embodiment of needleless syringe device 
will, most usually, be used to deliver a large number of particles, it is envisaged that 

1 0 the device will be capable of discharging small numbers of particles, even just a 

single, relatively large particle, for example a particle of several hundreds of microns. 
It is thought that the device of the present invention will exercise a degree of self- 
regulation, in that the bigger the size of particle or particles that is discharged the 
lower will be the particle(s) discharge velocity. Thus, the momentum of each of the 

1 5 particles is expected to be broadly similar. Furthermore, due to the maximum gas 
velocity being lower in the device of the present invention, relative to a supersonic 
device of the sort described in Bellhouse et al., problems associated with large 
particles travelling too fast can generally be avoided. 

An advantage of using the first embodiment's preferred piston/cylinder' 

20 arrangement for the gas discharge chamber is that, relative to using a single-shot 

sealed gas canister, one will obtain a relatively lengthy period of generally constant 
flow conditions in the duct lumen 2. This is because the spring continuously 
pressurises the gas as it moves along the cylinder. In contrast, with a one-shot 
canister after the attainment of the maximum initial pressure the gas pressure falls 

25 exponentially. It is thought that the illustrated piston/cylinder arrangement thus 

makes the device very efficient in terms of being able to achieve good particle exit 
velocities despite a low gas volume and pressure. 

Figure 3 illustrates (schematically) a second embodiment of needleless 
syringe device in accordance with the present invention. In common with the first 

30 embodiment, the second embodiment includes an elongate, tubular duct 50 having a 
lumen 51 for delivering particles towards a target tissue (not shown). Preferably the 
duct lumen 51, as illustrated, has a substantially constant diameter along its length. 

-10- 
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In the region of the upstream end of the duct 50 there is provided a chamber 
52. In the illustrated embodiment this contains a very low cracking pressure payload 
package 53 with the same, or nearly the same, cross-sectional flow area as that of the 
duct lumen 51 . The exterior of the duct 50 is provided with an exhaust chamber 52, 
with the arrow's 57 denoting reverse gas flow into the exhaust chamber. 

One main difference between the needleless syringe devices of the first and 
second embodiments is in the form of the gas discharge chamber. In the second 
embodiment the gas discharge chamber takes the form of a canister 54 pre-charged 
with gas, such as C0 2 , He or air. Advantageously, the canister 54 is removable from 
the device and replaceable so as either to enable the removed canister to be refilled or 
to enable a fresh, non-reusable canister to be fitted, so as to reprime the device. 

The device may be provided with a metering system to enable a single gas 
canister to be successively, partly discharged, enabling multiple "shots" to be 
obtained from a single canister 54. Alternatively, a gas canister may just provide a 
single "shot". To enable release of gas from the canister an actuation pin 55 is shown 
schematically. 

An advantage of having the gas canister 54 face in the downstream flow 
direction is that it enables the use of an expansion chamber 56 of small volume. 

In common with the first embodiment, the second embodiment of the 
needleless syringe device is designed such that compressed gas will not expand in the 
duct lumen 51 to the very high speeds disclosed in Bellhouse et al. The main feature 
that ensures that the flow within the duct lumen 51 does not become very fast is 
selecting a compressed gas pressure of less than 10 bar so that the average gas mass 
flow rate falls below the choked mass flow rate for the nearly constant-area duct 
lumen 5 1 . Another feature that contributes to the absence of very high speed gas 
flow is the absence of a convergent-divergent nozzle. This has further advantages in 
that a constriction, which tends to concentrate the particles to the centre of the jet, is 
not present. 

Preferably, the particles to be delivered take the form of a package that avoids 
the need for a bursting membrane or a high cracking pressure non-membrane 
package. This has the effect of allowing a reduced driver pressure to be used in the 
expansion chamber 56, which prevents choked flow conditions from prevailing in the 
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duct lumen 51. It is also thought that the elimination of a bursting membrane, or a 
high cracking pressure particle package, prevents the generation of a high pressure 
ratio across the particle package, which eliminates the creation of a strong moving 
normal shock wave that might then propagate through the duct lumen. 

Ideally, the choked mass flow rate of the gas canister 54 is matched to the 
required mass flow rate in the duct lumen 51 to achieve steady state gas velocities in 
the duct lumen 51 that are well subsonic, for example 200 m/s when using air. 

By reducing the mass flow requirements of the duct lumen 51, the pressure- 
volume requirements of the gas canister 54 may advantageously be reduced. This 
reduced mass flow rate reduces silencing requirements. Operating at average speeds 
that are not supersonic further reduces acoustic noise associated with the existence of 
shock waves in a flow field. This is expected to reduce silencing requirements, 
resulting in a compact device size and/or allowing the delivery of higher payloads 
than a comparable supersonic needleless syringe device. 

Figure 4 illustrates (schematically) a third embodiment of a needleless 
syringe device in accordance with the present invention. In common with the first 
two embodiments, a tubular duct 60 having a lumen 61 for delivering particles 
towards the target tissue (not shown) is included. Preferably the duct lumen 61 has a 
constant diameter along its length, or diverges only very slightly (as shown). This 
embodiment differs from the first and second embodiments mainly by virtue of its 
gas discharge chamber 64. In the third embodiment, a hand lever 65 may be 
repeatedly pumped in order to build up pressure in chamber 64. Pressures of 
between 5 and 10 bar may be achieved in chamber 64 by using the hand lever. The 
device is actuated by pressing the button 66 which releases the gas from the chamber 
64 so that it may travel down the lumen 61 . A payload package 63 is designed to 
crack under a very low pressure so that the pressure which the hand lever is capable 
of producing in the chamber 64 is sufficient to crack the payload package. A gas 
valve 67 (set at 10 bar) may be provided in the wall of chamber 64 so as to release 
additional gas to avoid over pressurisation. 

A fourth embodiment of the invention is shown schematically in Figure 5. 
This embodiment is very similar in form and function to the second embodiment 
shown in Figure 3, but as may be seen, the exit plane 100 is not perpendicular to the 
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longitudinal axis of the nozzle, but is angled relative to the axis. 

Previous devices have had exit planes that are essentially normal to the 
longitudinal axis of the nozzle which can make it difficult to use in confined body 
areas such as in the mouth. This has led to sealing problems which can result in the 

5 particles exiting the device upon actuation without penetrating the target. The fourth 
embodiment has an exit plane 1 00 that is oriented at an angle to the longitudinal axis 
of the duct 151. This makes it easier to hold the angled end face of the device against 
the target tissue to maintain a more effective seal. This seal may further be improved 
by using a soft elastomeric sealing material at the exit plane of the device. This 

1 0 sealing material may, however, be rigid if the tissue to which it is intended to be 
sealed is flexible. 

Also shown in Figure 5 is a cap 1 10 which is intended to fit over the upstream 
end of the device in the same way that a pen cap fits over a pen. It is envisaged that 
this cap will initially be positioned over the downstream end of the device and as 

1 5 such, will protect the duct from contamination during shipping and handling. The 
pocket clip 1 12 on the cap will also allow easy transportation in a shirt/coat pocket. 

When it is intended to use the device, the cap 1 10 is removed from the 
downstream end and placed on the upstream end of the device. In a preferred 
arrangement the end cap is provided with an inwardly protruding feature 1 14 that can 

20 be received in a groove or grooves 1 1 6 in the outside of the device at its upstream 
end. This inwardly protruding feature 114 could serve to trigger actuation of the 
device so that actuation is impossible unless the cap 1 10 has been removed from the 
downstream end and placed correctly onto the upstream end. The inwardly 
protruding feature 114 could have a ramp profile so as to depress the actuation pin 

25 and fire the delivery system. Normally, the actuation pin would sit in the groove 1 1 6 
and thus be located below the outside surface of the device to prevent inadvertent 
actuation of the device. 

Although in Figure 5 above, the cap 1 1 0 and angled end section 1 00 are 
described together, this is only for the sake of conciseness and in practice one could 

30 be used without the other. For example, the end cap could be used in devices which 
do not have angled exit planes. Figure 6 shows a close up of the exit plane 100 of the 
device in Figure 5 with the additional feature of a positioning bracket 71. The 
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positioning bracket 71 is attached to the outside wall 72 in a pivotable fashion. The 
bracket is particularly intended for use in the mouth and would initially be pivoted 
back from the position shown so as to allow easy insertion into the mouth. Once the 
angled exit plane has been aligned to be parallel to the target mucosal tissue 73, the 

5 bracket may then be swung forward such that it is nearly parallel to the exit plane of 
the device in the manner shown in Figure 6. In this position, the bracket can support 
the tissue 73 into which delivery will occur to increase the effectiveness of the 
device-to-tissue seal. 

Figure 7 shows a fifth embodiment of a needleless syringe device according 

1 0 to the present invention. This embodiment is substantially the same as the fourth 

embodiment with the difference that the angled exit plane 100 has been replaced by a 
generally concave exit plane 120. The exit plane may also have an elastomeric seal 
to aid in sealing. This embodiment is particularly useful for the treatment of MED 
(Mail Erectile Disfunction). The concave shape of the exit plane 1 20 is ideal for use 

1 5 in the delivery of alprostadil or other drugs directly to the glans of the penis. 

Figure 8 shows a sixth embodiment of the invention. As can be seen in 
Figure 8, the needleless syringe of the sixth embodiment comprises a gas reservoir 
200 having a plunger 202. When the plunger 202 is depressed, the O-ring 2 1 0 moves 
outwardly from the reservoir allowing gas to escape in the downstream longitudinal 

20 direction. The gas first encounters a filter 204 which is positioned between the end 
of a slightly divergent tapered section and the beginning of a constant cross-sectional 
lumen. The filter serves to remove any particulate matter entrained in the gas coming 
from the reservoir 200. Immediately downstream of the filter 204 is the payload 
package 206. This package comprises a plurality of tubeways, each or some of the 

25 tubeways having particles adhered to their inner surfaces. After the payload package 
206, the duct lumen 208 extends downstream with a constant cross-section. 

The reservoir 200 is initially filled with gas (e.g. helium or air) having a 
pressure of less than 1 0 bar. The total pressure of the whole system is therefore also 
less than 10 bar at any time during the operation of the device. 

30 After actuation, gas flows out of the reservoir 200 and is choked by the 

constriction formed by the reservoir valve. This fixes the maximum mass flow rate 
through the device. As the gas flows through the reservoir valve, it spreads out to 

-14- 



WO 00/62846 



PCT/GB00/01421 



occupy substantially the entire width of the device. The gas then flows through the 
filter 204 and into each of the plurality of tubeways. The gas passes through the 
tubeways and out of the device via the constant cross-section duct. The particles 
initially adhered in the tubeways of the payload package 206 are stripped from the 
5 sides of tubeways when the velocity of the gas therethrough reaches a critical 

magnitude. The particles are then entrained in the gas flow and flow downstream out 
of the device. 

The tubeways of the payload package 206 are substantially uniformly 
distributed over the entire cross-section of the duct 208. Furthermore, the particles to 
10 be accelerated are substantially uniformly distributed over the inner surfaces of the 
tubeways. 

This "honeycomb" composition of the payload package 206 provides three 
main advantages. The first is that the payload of particles is initially even distributed 
across the whole cross-section of the device at the time when the particles are 

1 5 entrained. This uniform distribution at entrainment helps lead to a more uniform 
distribution of particles as they leave the device and enter the target tissue. The 
construction of the payload package therefore provides a more even exit distribution 
of particles than when the particles are simply retained between two burstable 
membranes or when they are adhered to the inside of the lumen duct. 

20 The second advantage is that no burstable membranes are required. Thus, 

there is no sudden step change in pressure produced by the bursting of a membrane. 
Instead, the particles are released into the flow when the velocity of gas through the 
payload package is sufficient to detach the particles from the inner walls of the 
tubeways. 

25 Thirdly, the payload package of the sixth embodiment makes it easy and 

convenient to adjust the amounts of particles in the package by simply adjusting the 
length of the payload package 206. This can be done by trimming the package with 
scissors or another sharp implement. This is due to the fact that the particles are 
evenly distributed in the longitudinal direction in each of the tubes, as well as in the 

30 circumferential direction. 

Figure 9 shows a double-sided" corrugated thermoformed sheet 400 suitable 
for use in the manufacture of the payload package 206. The sheet may be made from 
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an)' suitable polymer and may be created using a thermoforming process. The 
polymer itself may be sticky, in which case the sheet does not need to be treated, or 
the polymer could be non-sticky, in which case the sheet can be covered on one or 
both sides with an adhesive. Several of the sheets 400 shown in Figure 9 are stacked 

5 together to provide parallel rows of tubeways as shown in Figure 10. The plurality of 
corrugated sheets may be joined together using any appropriate means, e.g. 
mechanically, an adhesive, a laser weld, etc. 

Alternatively, the stacked sheets could be temporarily held together, cut into 
the final package dimensions and pushed into or held in place within an outer 

10 package. This configuration is shown in Figure 1 1 . To prevent sliding of the 

individual sheets, they may be tacked to each other after they are inserted into the 
outer package 300, or a retaining ring 302 may be provided on the package or the 
syringe itself to retain them in place. 

As an alternative to the double sided corrugated sheets 400 shown in Figure 

15 9, a single sided corrugated injection moulded sheet 500 may be used as shown in 
Figure 12. 

In the case where sticky polymers are used to make the corrugated sheets or 
the sheets are sprayed with adhesive prior to assembly of the payload package, the 
particles may be applied to the inner surfaces of the tubeways after the payload 

20 package has been assembled. A method for doing this is shown in Figure 13. As can 
be seen in this Figure, a fluidized flow of particles is established so as to be aligned 
with the longitudinal direction of the tubeway. As the particles flow through the 
sticky tubeways, they adhere to the side. After a certain time period, the particles are 
found to be evenly distributed within the tubeways, both longitudinally and 

25 circumferentially. After loading with particles in this way, a plurality of payload 
packages can be cut from the single package that has been exposed to the flow of 
fluidized particles. The dose can be determined by appropriate choice of the length 
of package. 

For the case when a non-sticky polymer is used, the corrugated sheets may be 
30 loaded with particles using spray-coating techniques before being assembled into a 
payload package. 

The cross-sectional area of each tubeway in the package is preferably 
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designed to ensure that a critical local flow velocity that effectively strips and 
entrains the payload is provided during the operation of the device. The payload 
package is preferably also designed to have no crevices which create stagnation 
points in the flow. 

5 In a further embodiment (not illustrated), the corrugated sheets can be rolled 

into a circular tube to provide a payload package that looks like a pleated filter 
element. The rolled shape can either be tacked together to form a self-contained 
payload package, or it can be pushed or inserted into a larger diameter hollow tube 
section to create a stand alone payload package. 

1 0 The sixth embodiment of the invention improves the even distribution of the 

payload prior to entrainment and thereby improves the even distribution of the 
payload across the target diameter. No rupturable membranes are required (although 
they could be used if desired), which can eliminate the complex flows that can be 
associated with the rupturing of a membrane having a pressure differential across it. 

1 5 Also, the payload package design eliminates membrane fragments that may be 
entrained in the gas flow when rupturable membranes are used. 

The fact that the particles are evenly distributed across the cross-section of 
the duct improves particle entrainment reproducibility from shot to shot and thereby 
reduces shot-to-shot performance variability. Further, the fact that the payload is 

20 evenly distributed also increases the total amount of payload that can be delivered 
since there are no portions of the flow having a high payload density compared to 
other portions, the maximum payload density determining the maximum payload. 

In all of the above embodiments, vanes and/or rifling may be used near the 
exit plane of the devices to help spread the payload. These vanes could protrude 

25 from the inside walls of the duct into the gas flow stream and run the entire length of 
the acceleration duct in a helical fashion so as to impart a rotational spin on the gas 
and particle flows. The curvature of the vanes should be of an angle appropriate to 
achieve the required payload particle characteristics and distribution. Alternatively, 
the vanes could be confined to just the downstream exit section. 

30 An advantage thought to be common to each of the above described 

embodiments of devices is one of engineering development. Through avoiding very 
high gas speeds in the duct lumen, it is considered that it will be comparatively easy 
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to modify the skin impact velocity of particles for clinical end point or dermal 
tolerability considerations. 

The previously proposed technique of Bellhouse et al, of using a converging- 
diverging nozzle in supersonic needleless syringe devices to accelerate compressed 
gas to supersonic speed, forces the gas and particles to flow through a constriction in 
the nozzle lumen, namely through a throat area. If a nozzle lumen is to steadily 
expand compressed gas to supersonic speed it must first cause choked flow (usually 
achieved by convergence) and then diverge. It must, therefore, have a throat area that 
is defined as the section of the duct which has a minimum cross-section area. 

The need for a minimum cross-sectional area throat in steady flow supersonic 
devices poses a significant problem in designing a compact needleless syringe device 
because the throat provides a constriction in the nozzle lumen. It is thought that this 
constriction impedes efficient particle acceleration because of the high solids-to-gas 
ratio in the flow. It is further thought that the throat constriction also results in large 
acceleration gradients in the gas flow that can cause shear stresses on the particles 
passing therethrough, leading to significant particle-gas attrition (i.e. particle break- 
up due to bombardment by gas molecules). The throat constriction in steady flow 
supersonic needleless syringe devices also forces the particles closer together as they 
traverse the throat section under very high acceleration forces. It is thought that this 
can lead to undesirable particle-particle shear forces, resulting in particle-particle 
attrition (i.e. particle break-up due to particles colliding with one another). Forcing 
particles that are accelerating at high speed through a minimum- area throat 
constriction of a supersonic device can also lead to significant particle-lumen attrition 
(i.e. particle break-up due to particles hitting the lumen wall). By eliminating the 
throat area in the preferred, illustrated forms of duct lumen, it is expected that there 
will be benefits in reducing particle-gas, particle-particle and particle-lumen attrition. 
This may improve delivery of fragile payloads and/or offer the possibility of 
delivering higher payloads. 

A further possible advantage of operating at lower gas flow velocities than in 
0 Bellhouse et al may come around in improving the ease of modifying the particle- 
skin impact velocity. It is thought that it will be possible to change this velocity by 
changing the ratio of the gas mass flow rate in the duct lumen to the choked mass 
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flow rate from the gas source (by adjusting the cross-sectional area of the duct 
lumen), or by reducing the choked mass flow of the gas source for a given 
substantially constant cross-sectional area duct lumen (by reducing the area of the 
gas source opening). It is envisaged that this may provide improved flexibility in 
5 configuring a needleless syringe design for a given application. 
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CLAIMS 

1 . A needleless syringe device for accelerating particles into a target 
tissue of a vertebrate subject, said syringe comprising: 

5 an elongate, tubular duct having a lumen for delivering the particles towards 

the target tissue, the duct having an upstream end and a downstream end; 
a receptacle holding the particles to be accelerated; and 
a gas discharge chamber, upstream of the receptacle, for the controlled 
discharge therefrom of pressurized gas to accelerate the particles from the receptacle 
1 0 down the duct lumen towards the target tissue; 

wherein the pressurised gas discharged from the gas discharge chamber has a 
maximum total pressure of about 10 bar or less. 

2. A device as claimed in claim 1 , wherein the receptacle does not 
contain a membrane or membranes which burst(s) upon said controlled gas 

15 discharge. 

3. A device as claimed in claim 1 or 2, wherein the particles have a size 
and density such that, upon effecting a said controlled gas discharge, the majority of 
the particles will penetrate into the target tissue to a depth of between 10 and 500 
|im. 

20 4. A device as claimed in any preceding claim, wherein the device is 

arranged so that, upon effecting a said controlled gas discharge, the pressurized gas 
mass flow rate in the lumen is not greater than the choked mass flow rate of the duct 
lumen. 

5. A device as claimed in any preceding claim, wherein the gas 

25 discharge chamber comprises a cylinder containing a piston movable therein between 
first and second positions, wherein to effect a said controlled gas discharge the piston 
is driven along the cylinder from its first position to its second position. 

6. A device as claimed in claim 5, wherein the gas discharge chamber 
further comprises a spring to drive the piston along the cylinder from its first position 

30 to its second position. 

7. A device as claimed in claim 6, wherein the gas discharge chamber 
further comprises a priming arrangement to enable the piston to be drawn back from 
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its second position to its first position to compress the spring and thus to prime the 
gas discharge chamber. 

8. A device as claimed in claim 7, wherein the gas discharge chamber 
further comprises an actuation trigger for releasing the piston from its first position 

5 once the gas discharge chamber is primed. 

9. A device as claimed in any one of claims 6, 7 or 8 wherein the gas 
discharge chamber is arranged to deliver pressurized gas at a substantially constant 
pressure for the majority of the travel of the piston from its first position to its second 
position. 

10 1 0. A device as claimed in any one of claims 1 to 4, wherein the gas 

discharge chamber comprises a canister pre-charged with gas. 

11. A device as claimed in claim 1 0. wherein the gas is C0 2 . 

12. A device as claimed in claim 1 0 ? wherein the gas is He. 

13. A device as claimed in claim 1 0, wherein the gas is air. 

15 14. A device as claimed in claim 1 0, wherein the gas canister is 

removable from the device and replaceable, 

15. A device as claimed in any preceding claim, wherein the duct lumen 
does not contain any constrictions. 

16. A device as claimed in any one of claims 1 0 to 1 5, wherein the gas 
20 canister is arranged to be only partly discharged upon effecting a single said 

controlled gas discharge. 

1 7. A device as claimed in any preceding claim, wherein the duct lumen 
does not converge and then diverge. 

1 8. A device as claimed in any preceding claim, wherein the duct lumen 
25 does not substantially diverge in the downstream direction. 

1 9. A device as claimed in any preceding claim, wherein the downstream 
end of the duct lumen is provided distally thereof with a divergent spacer. 

20. A device as claimed in any preceding claim, wherein the duct lumen 
does not substantially converge in the downstream direction. 

30 21. A device as claimed in any preceding claim, wherein the duct lumen is 

of substantially constant diameter along its length. 

22. A device as claimed in any preceding claim, wherein the device is of 
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modular construction and the duct and gas discharge chamber may be separated to 
allow the filling of the receptacle with particles to be accelerated. 

23. A device as claimed in any preceding claim, wherein the receptacle 
containing the particles to be accelerated takes the form of a self-contained capsule. 
5 24. A device as claimed in claim 23, wherein the capsule does not include 

a membrane that is required to be burst to release the particles upon effecting a said 
controlled gas discharge. 

25. A device as claimed in any preceding claim, wherein the receptacle is 
defined, at least in part, by the duct lumen. 
10 26. A device as claimed in any preceding claim, wherein the receptacle is 

positioned upstream of the upstream end of the duct lumen. 

27. A device as claimed in any preceding claim, wherein the device is 
arranged to accelerate the particles to a maximum velocity in the range of about 50- 
300 m/s upon effecting a said controlled gas discharge. 
15 28. A device as claimed in any preceding claim, wherein the device is 

arranged to accelerate the particles to a maximum velocity of the order of 50-150 
m/s. 

29. A device as claimed in claim 28, wherein the device is arranged to 
accelerate the particles to a maximum velocity of the order of 50-100 m/s. 
20 30. A device as claimed in any preceding claim, wherein the gas 

discharge chamber is arranged to discharge less than 4 ml of gas. 

31. A device as claimed in claim 30, wherein the gas discharge chamber is 
arranged to discharge less than 2 ml of gas. 

32. A device as claimed in any preceding claim, wherein the receptacle 
25 has a cross-sectional area generally similar to that of the immediately adjacent 

downstream portion of the duct lumen. 

33. A device as claimed in any preceding claim, further comprising at 
least one burstable membrane which bursts upon said controlled gas discharge. 

34. A device as claimed in claim 33, wherein said burstable membrane is 
30 constructed so as to burst when a pressure difference of a 8 bar is placed across its 

surfaces. 

35. A device as claimed in claim 33, wherein said burstable membrane is 
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constructed so as to burst when a pressure difference of a 6 bar is placed across its 
surfaces. 

36. A device as claimed in any preceding claim, wherein said receptacle 
comprises a plurality of tubeways longitudinally aligned with the tubular duct, at 

5 least some of the tubeways having particles adhered to their inner surfaces. 

37. A device as claimed in claim 36, wherein said plurality of tubeways 
are formed from a plurality of corrugated sheets adhered together to form a structure 
having a generally honeycomb construction. 

38. A device as claimed in claim 37, wherein said corrugated sheets are 
1 0 loaded with particles prior to being adhered together to form said plurality of 

tubeways. 

39. A device as claimed in claim 37, wherein said corrugated sheets are 
loaded with particles after being adhered together to form said plurality of tubeways. 

40. A device as claimed in claim 39, wherein said corrugated sheets 

1 5 forming said plurality of tubeways are loaded with particles by being longitudinally 
aligned with a flow of particles such that said particles pass through said tubeways 
and adhere to an inner side thereof. 

41. A disposable duct/receptacle assembly for use in the device claimed in 
any preceding claim, wherein the assembly comprises a said duct integral with a said 

20 particle-containing receptacle and the assembly is disconnectable from the gas 

discharge chamber whereby, after a said controlled gas discharge has been effected to 
accelerate the particles from the receptacle and the duct, the assembly can be 
separated from the gas discharge chamber and replaced in the device with a fresh 
disposable assembly. 

25 42. A method of discharging particles from a needleless syringe suitable 

for accelerating the particles into a target tissue of a vertebrate subject, the method 
comprising: 

providing particles in a needleless syringe; and 

effecting a controlled release of gas down a duct of the syringe, said gas 
30 having a maximum total pressure of less than 10 bar, whereby to accelerate the 

particles down the duct to exit the duct with sufficient energy as to penetrate into a 
target tissue of a vertebrate subject. 
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43. A method as claimed in claim 42, wherein the particles are discharged 
into a target tissue of a vertebrate subject. 



WO 00/62846 



PCT/GB00/01421 



1/7 




Fig.3. 




54 56 51 52 



SUBSTITUTE SHEET (RULE 26) 



WO 00/62846 



2/7 



PCT/GB00/01421 



Fig.2. 




-10 -5 0 5 10 15 20 25 30 35 

Time (Minutes) 



SUBSTITUTE SHEET (RULE 26) 



WO 00/62846 



PCT/GB00/01421 




SUBSTITUTE SHEET (RULE 26) 



WO 00/62846 



PCT/GB00/01421 




SUBSTITUTE SHEET (RULE 26) 



WO 00/62846 



PCT/GB00/01421 




SUBSTITUTE SHEET (RULE 26) 



WO 00/62846 



PCT/GB00/01421 



6/7 



Fig.9. 




SUBSTITUTE SHEET (RULE 26) 



WO 00/62846 



PCT/GB00/01421 



7/7 



Fig.12. 




500 



Fig.13. 



206 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



1Mb. .oral Application No 

PCT/GB 00/01421 



A. CLASSIFICATION OF SUBJECT MATTER 

"PC 7 A61M5/30 



According to International Patent Classification (IPC) or to both national classrtteation-and IPC 



a FIE LOS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

PC 7 A61M 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Bectrcrtc data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , PAJ, WPI Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 9 Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



U0 96 12513 A (DRAYSON PAUL RUDD ;SARPHIE 
DAVID FRANCIS (GB); BELLHOUSE BRIAN JOH) 
2 May 1996 (1996-05-02) 
the whole document 

EP 0 347 190 A (VCI CORP) 
20 December 1989 (1989-12-20) 
abstract 

column 2, line 33 -column 4, line 62; 
figure 1 

W0 96 20022 A (BELL JOHN ; BELLHOUSE BRIAN 
JOHN (GB); OXFORD BIOSCIENCES LTD (GB)) 
4 July 1996 (1996-07-04) 
abstract 

page 3, line 19 -page 4, line 37; figures 
1-3 

~~~ _/- 



1-43 



1-43 



1-43 



13 



Further documents are listed in the continuation of box C. 



Patent family members are listed In annex. 



0 Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E* earfier document but pubttshed on or after the International 

filing date 

V document which may throw doubts on priority clalm(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

a O* document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the International filing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
Invention 

*X a document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an Inventive step when the document is taken alone 

"Y° document of particular relevance; the claimed invention 
cannot be considered to involve an Inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

■&' document member of the same patent family 



Date of the actual completion of the international search 



22 June 2000 



Name and mailing address of the ISA 

European Patent Office, P.B. 581 6 Patentiaan 2 
NL-2280HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Date of mailing of the International search report 



29/06/2000 



Authorized officer 



Nielsen, M 



Form PCT/ISA/210 (atoond shot) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Inta anal Application No 

PCT/GB 00/01421 



C(Commuctk>n) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document with indkafl on, where appropriate, of the relevant passages 



Relevant to daim No. 



US 2 645 223 A ( LAWSHE ERROL R. 
14 July 1953 (1953-07-14) 
the whole document 



ET AO 



US 5 630 796 A (BELLH0USE BRIAN J ET AL) 
20 May 1997 (1997-05-20) 
cited in the application 
abstract 
figures 1,6 



1-43 



1-43 



Form PCT7ISAA10 (continuation of saoond sheet) (July 1 992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

iftfornwtton on pstsnt family fnofnbof* 



\ntm onal Application No 

PCT/GB 00/01421 



Patent document 


PiDDcanon 




Patent family 


Pt&Ocatlon 


cited in search report 


date 




member(s) 


date 


WO 9612513 A 


02-05-1996 


AU 


3703895 A 


15-05-1996 






CA 


2199417 A 


02-05-1996 






DE 


69507321 D 


25-02-1999 






DE 


69507321 T 


15-07-1999 






EP 


0788386 A 


13-08-1997 






JP 


10507390 T 


21-07-1998 



EP 0347190 A 20-12-1989 JP 2084962 A 26-03-1990 



U0 9620022 



04-07-1996 



AT 


183657 


T 


15-09-1999 


AU 


699463 


B 


03-12-1998 


AU 


4271496 


A 


19-07-1996 


BG 


101600 


A 


27-02-1998 


BR 


9510464 


A 


29-06-1999 


CA 


2208590 


A 


04-07-1996 


CN 


1171055 


A 


21-01-1998 


CZ 


9701937 


A 


12-11-1997 


DE 


69511723 


D 


30-09-1999 


DE 


69511723 


T 


16-03-2000 


EP 


0799064 


A 


08-10-1997 


ES 


2138248 


T 


01-01-2000 


FI 


972554 


A 


16-06-1997 


GR 


3031582 


T 


31-01-2000 


HU 


77064 


A 


02-03-1998 


OP 


10512467 


T 


02-12-1998 


NO 


972897 


A 


20-06-1997 


NZ 


297542 


A 


28-10-1999 


PL 


320919 


A 


10-11-1997 


SK 


81797 


A 


04-03-1998 



US 2645223 A 14-07-1953 NONE 



US 5630796 A 20-05-1997 



Form PCT71SA/210 (patent family annex) (July 1902) 



AT 


148497 


T 


15-02-1997 


AU 


674742 


B 


09-01-1997 


AU 


6435194 


A 


08-11-1994 


BG 


61993 


B 


30-12-1998 


BG 


100047 


A 


30-04-1996 


BR 


9406455 


A 


02-01-1996 


CA 


2159452 


A 


27-10-1994 


CN 


1120852 


A 


17-04-1996 


CZ 


9502608 


A 


15-05-1996 


DE 


69401651 


D 


13-03-1997 


DE 


69401651 


T 


15-05-1997 


DK 


693119 


T 


28-07-1997 


EP 


0693119 


A 


24-01-1996 


EP 


0734737 


A 


02-10-1996 


EP 


0951917 


A 


27-10-1999 


ES 


2098131 


T 


16-04-1997 


FI 


954788 


A 


06-10-1995 


WO 


9424263 


A 


27-10-1994 


GR 


3022939 


T 


30-06-1997 


HK 


1000351 


A 


06-03-1998 


HU 


73516 


A,B 


28-08-1996 


JP 


8509604 


T 


15-10-1996 


LV 


11833 


A 


20-08-1997 


LV 


11833 


B 


20-12-1997 


NO 


953994 


A 


06-10-1995 


NZ 


263606 


A 


22-08-1997 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 

ififonrutttofi on pvtant fmUy t 



Into onal ApoUcatton Ho 

PCT/GB 00/01421 



Patent document 
cited In search report 



Publication 
date 



Patent family 
members) 



Publication 
date 



US 5630796 



PL 
S6 
SI 
SK 
ZA 



311005 
48696 
693119 
124895 
9402442 



22-01-1996 
18-05-1998 
31-10-1997 
08-01-1997 
10-04-1995 



form PCT/1SA/210 (patent tamHy anno*) (July 1fl92) 



page 2 of 2 



